Recent publications have indicated that a KCl-stimulated ATPase from cereal roots is specifically associated with plasmalemma-enriched membrane fractions. However, in previous work we found that relatively high specific activities of this enzyme were also associated with a membrane fraction which did not contain plasmalemma. In an attempt to clarify this discrepancy, we have investigated the effect of density gradient composition upon the association of the enzyme with different membrane fractions isolated from the roots of Zea (10) also found a small peak of KCIstimulated ATPase activity from oat roots at low buoyant densities but regarded it as less significant than the activity associated with the plasmalemma.
KCl-stimulated ATPase from oat roots was associated with a fraction enriched in plasmalemma (6) . This fraction was found at a relatively high density (a = 1.18) on a discontinuous sucrose density gradient. The maximum KCl-stimulated ATPase activity occurred at pH 6 and, at that pH, the kinetics of ion stimulation closely resembled the kinetics of ion uptake by oat roots (12) .
In earlier work (23, 24) we found that the highest specific activity of KCl-stimulated ATPase from maize roots was associated with a membrane fraction which was found at a relatively low density (a = 1.07) on a Ficoll gradient. The membranes in this fraction did not stain with PACP (22, 23) and therefore were not plasmalemma, although sonme KClstimulated ATPase activity was also found associated with a plasmalemma-enriched fraction. The properties of the ATPase found in the light Ficoll fraction implicated it in ion transport (24) . Leonard et al. (10) also found a small peak of KCIstimulated ATPase activity from oat roots at low buoyant densities but regarded it as less significant than the activity associated with the plasmalemma.
Because there were obvious discrepancies in the reported distributions of KCl-stimulated ATPase activities in membrane fractions from cereal roots, we felt that the problem merited further investigation. One possible explanation for the anomalies lay in the different centrifugation systems employed. Williamson and Wyn Jones (24) used a Ficoll gradient followed by a sucrose gradient, whereas Hodges and colleagues (6, 10, 12) employed only sucrose gradients. The observation that the composition of density gradients can markedly affect the buoyant density of membrane vesicles (2, 15, 20) may be relevant. We report on an investigation into the distribution of ATPase activities in membrane fractions from maize roots prepared by two different centrifugation systems. One used a single sucrose density gradient, while the other employed both Ficoll and sucrose gradients. The results, in confirmation of previous suggestions (22. 24) indicate that at least two membrane-bound, KCl-stimulated ATPase activities are present, only one of which is associated with a plasmalemma-enriched fraction. A summary of these results has been published elsewhere (9 (14) . Interference from sucrose was determined from a reagent blank containing an aliquot of resuspension medium. Bovine serum albumen (fraction V, Sigma) was used as a standard.
Electron Microscopy. Whole root segments or membrane fractions were fixed for 1 to 2 hr in 2% buffered glutaraldehyde (0.1 M sodium cacodylate, pH 7) at 4 C, unless otherwise stated. The material was rinsed with three changes of buffer and postfixed for 1 to 2 hr with 1% (w/v) OsO in 0.1 M sodium cacodylate pH 7 at room temperature. Specimens were rinsed in three changes of buffer, dehydrated through a graded acetone series, and embedded in Epon. The sections were cut on an Ultratome III ultramicrotome (LKB Produkter AB, Stockholm, Sweden) and were collected on plasticcoated grids. Sections were stained with either lead citrate (18) or PACP (19 Fig. 1 ). The sucrose bands employed were of a density similar to those used by others for the isolation of plasmalemmaenriched fractions (5, 6) . The distribution of enzyme activities in fractions prepared according to Scheme A are given in Table I . The highest specific activity of Mg2+-ATPase at pH 5.5 ATPases FROM I KCl-stimulated ATPase are lower than those found in oat root membrane fractions (6, 10, 12) , they are comparable to previously reported values for the activity of this enzyme in maize root membrane fractions (4, 11, 17, 24) .
Membrane fractions were examined electron microscopically following both lead citrate and PACP staining. The specificity of PACP as a stain for plasmalemma in maize roots was initially confirmed (Fig. 2) . The Av, and AA and AB fractions consisted of vesicles of smooth membrane which did not stain significantly with PACP (7). The heavier Ac and AD fractions contained smooth membrane vesicles and mitochondria (Fig. 3, A and B) . PACP staining showed that appproximately 30 to 50% of the membranous material in the Ac fraction, and 50 to 70% of that present in the AD fraction was derived from plasmalemma (Fig. 3, C and D) . Other smooth membrane was also present, particularly in the Ac fraction.
These results indicated that both KCl-stimulated ATPase activity and the plasmalemma were concentrated at relatively high densities (a = 1.17 and 1.22) on the sucrose gradient and are in reasonable agreement with those of Hodges et al. MAIZE ROOTS 681 (6) who used a single sucrose density gradient to fractionate oat root membranes. However, they were clearly different from our previous observations with maize root membrane fractions, prepared on both Ficoll and sucrose gradients (23, 24) , because relatively little KCl-stimulated ATPase activity occurred in the light, nonplasmalemma fractions. An experiment was therefore designed to determine the effect of Ficoll on the distribution of ATPase activities by fractionating a single batch of maize roots using both Schemes A and B (Fig. 1) . The distribution of enzyme activities between membrane fractions prepared according to Scheme A confirmed the data given above (Table II) . When Fig. 2 legend for abbreviations used.) Plant Physiol. Vol. 55, 1975 .00, associated with the plasmalemma (7, 9) . The vesicles in this (3, 8, 12, 21) and were also found to be charache final equilibrium posi-teristics of the KCI-stimulated ATPase associated with ity gradient is a function plasmalemma-rich fraction from oat roots (12) . vesicle and the osmotic On the basis of the similarity between the kinetics of KCIer explanations have also activation of the plasmalemma-associated ATPase activity of oat roots and the kinetics of ion uptake by excised oat roots, tained both plasmalemma it has been speculated (12) that this enzyme might be involved was sought to determine in the transport of ions across the plasmalemma. The disactivity was specifically covery of two different KCl-stimulated ATPase activities with components. An Ar) frac-activation kinetics similar to those of ion uptake raises the with 25 mM tris-HCI, 4 possibility that both play some role in the transport of ions.
nd then layered over a Indeed, it has been possible to correlate the KCI-stimulated An AD fraction was prepared as indicated in Figure 1 . The fraction was diluted and layered over a cushion of 17% Ficoll. After centrifugation at 70,000g for 1.5 hr, material was recovered in two fractions, one above and one below the cushion. ATPase activities of the two membrane fractions with ion fluxes in whole root tissue (7; Leigh and Wyn Jones, in preparation). However, the correlations are difficult to interpret in an unequivocal manner and, while the evidence appears to indicate that both may be involved in ion uptake, no firm proof for this suggestion has been found.
